INTRODUCTION
Drug trafficking through East Africa emerged in the mid-1980s and continues to increase. 1 Seizures of heroin in Africa, especially in East Africa, have increased 10-fold since 2009. 1 As of 2011, an estimated 533,000 opiate consumers live in East Africa with an estimated 50,000 people who inject drugs (PWID) in Tanzania. 2 In Dar es Salaam, Tanzania, PWID have an estimated HIV prevalence of 42%-51%, compared with 6.9% among the general population in the city. 3, 4 Furthermore, high HIV prevalence is accompanied by high burdens of hepatitis C (57%-76%) and active pulmonary tuberculosis (4%). [5] [6] [7] Methadone maintenance treatment (MMT), HIV testing and counseling, and antiretroviral therapy (ART) are considered essential components of the comprehensive package of HIV prevention interventions for PWID, endorsed by the US Centers for Disease Control and Prevention, World Health Organization, United Nations Office on Drug and Crime, and Joint United Nations Programme on HIV/AIDS. 8 Methadone is an effective treatment for opioid dependence, associated with lowering morbidity and mortality and reducing sexual and injection-related risk behaviors associated with drug use. [9] [10] [11] [12] [13] [14] Retention in MMT has led to optimized HIV prevention and treatment benefits, including routine testing and counseling and linkage to care and treatment for individuals living with HIV. 9, [15] [16] [17] As such, methadone is designated as an essential medicine by the World Health Organization. 18 Studies from Sub-Saharan Africa estimate 59%-72% of individuals diagnosed with HIV ever obtain CD4 screening. 19, 20 In 2012, 59% of ART-eligible individuals in Tanzania, based on outdated CD4 criteria (,200), were currently on treatment. 21 Despite scale-up of ART for people living with HIV, up to 26% of care and treatment clients become lost-to-follow-up. 21 Compared with the general population, PWID face additional barriers, including delays in and denial of the provision of health care services, harassment by law enforcement, and fear of criminalization and stigmatization that impact access to and uptake of medical services in traditional settings. [22] [23] [24] [25] [26] Because methadone clinics are designed to address the clinical needs of PWID, they can offer a unique venue for the provision of a full range of HIV-related and other health services.
We conducted a retrospective cohort study to understand the factors associated with linkage to HIV care and explore how an MMT clinic can serve as a platform for integrated HIV care and treatment. We hypothesize that enrollment in MMT with higher dosing is associated with timely linkage to HIV care.
METHODS

Study Setting
The first publicly funded MMT clinic in Tanzania was launched in February 2011, offering daily directly observed methadone at Muhimbili National Hospital (MNH) in Dar es Salaam. As part of routine care, clients were offered voluntary HIV testing and counseling on enrollment and at routine follow-up periods. For clients who tested HIV positive, the clinic performed blood draws and transported samples for CD4 screening to the central laboratory at MNH. Using traditional methods, the central laboratory conducted CD4 count testing and reported results back to the methadone clinic. MMT and clinical HIV services were available at MNH but not colocated. Therefore, clients were provided escorted in-person referrals to HIV clinical services at the care and treatment center (CTC), situated in a separate building on the hospital campus. For eligible individuals, the methadone clinic facilitated access to HIV therapy and provided daily codispensing of methadone and ART. Clients may also receive HIV screening through program caravans, which work in parallel with the methadone program to reach key populations in the surrounding district. Caravans provide mobile counseling and testing and referrals to HIV CTCs but do not provide methadone dosing or direct HIV care.
Study Population
Study subjects included MMT clients enrolled from February 2011 to January 2013 who tested positive for HIV after enrollment in methadone. Inclusion criteria for methadone initiation have been described previously. 27 Additional criteria included (1) positive HIV test within 7 days before or any time after MMT initiation, (2) laboratory or clinical notes confirming HIV result, and (3) actively receiving MMT as of HIV-positive test date. We sought to capture individuals who tested positive for HIV through MMT-based services and were not previously linked to care. Therefore, individuals who indicated an approximate date of first HIV positivity before enrollment or received HIV care elsewhere were excluded from analysis.
Data Sources
This study used de-identified routine clinical and program monitoring data from the MMT clinic, which were extracted from the electronic databases. As part of routine care, health care providers and social workers conducted an in-person baseline assessment to collect demographic, health history, addiction severity, 28 mental health, 29 and HIV risk behavior data. Linkage to care data, including HIV testing and CD4 result dates, were obtained through medical chart review and abstraction. Daily methadone dosing data for each client were collected by the pharmacy.
Measures Exposures
Our primary exposure of interest was methadone dose. The mean daily methadone dose during the first 3 months of treatment was calculated and categorized into low (,85 mg/d) or high ($85 mg/d). Categorization of dose was based on previous research with this cohort and other literature regarding methadone dosing. [30] [31] [32] [33] Additional exposures of interest included demographics, sexual-, and injection-related risk factors, mental health, history of physical or sexual abuse, and arrest history.
Outcomes
Linkage to care for individuals testing HIV positive was defined as obtaining a CD4 count. The number of days between the first HIV-positive test and CD4 result was the primary outcome of interest. Follow-up time began at the HIV-positive result date (t 0 ) and ended with the date of CD4 result, the last methadone dose for those experiencing a censoring event [death, involuntary discharge, medical withdrawal, or defaulting (ie, missed 21 consecutive doses)] or January 31, 2013, whichever occurred first. If a client tested positive through program caravans within 1 week of MMT enrollment, the initiation date was used as t 0 .
Statistical Methods
Multivariable Cox proportional hazards regression models were used to assess the relationship of exposures with obtaining a CD4 count among clients living with HIV. Backward stepwise regression with a criterion P value of 0.2 was used to select the variables for the multivariable model. Forward stepwise regression was used in sensitivity analysis to confirm variables. Cumulative incidence of CD4 testing, taking into account the competing risk of censoring events, was plotted by methadone dose. Hazard ratios (HR) and 95% confidence intervals (CIs) were calculated to compare outcomes between groups. The proportional hazards assumption was tested using the Schoenfeld residuals. Self-reported poor health was found to have time-varying effects with linkage to care and was therefore specified in the model to estimate associations in early follow-up (#30 days) and later followup (.30 days). Statistical analyses were conducted using Stata 12.1 (College Station, TX).
Ethics Statement
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RESULTS
MMT Clients
During the study period, 629 individuals initiated MMT. Average age at enrollment was 32 (SD: 66) years and 93% of clients were men. Among 469 (75%) clients who tested for HIV, 185 (39%) were confirmed HIV positive. Excluded cases included 21 (11%) that were missing test dates and 16 (9%) that tested positive outside the inclusion window. The final analysis included 148 HIV-positive MMT clients, contributing 31.7 person-years of follow-up. Table 1 includes baseline characteristics of methadone clients living with HIV, disaggregated by methadone dose.
Linkage to Care
At the end of the study, 119 (80%) clients received at least 1 CD4 count and were active methadone clients, 14 (9%) were active clients but had not received screening, 14 (9%) defaulted from MMT before screening, and 1 (1%) was deceased. At 30, 60, and 90 days, the probability of clients undergoing CD4 screening was 40% (95% CI: 32% to 48%), 55% (95% CI: 47% to 63%), and 63% (95% CI: 55% to 71%), respectively. Figure 1 illustrates the cumulative incidence of CD4 screening by methadone dose. 
Factors Associated With Linkage to Care
ART Eligibility and Initiation
Median initial CD4 count was 458 cells per microliter (interquartile range: 296-673) and 17 clients had CD4 # 200, which served as the criterion for ART eligibility during our study period. Among ART-eligible clients, 12 (71%) initiated treatment, of which 7 (41%) initiated within 90 days of their CD4 result.
DISCUSSION
This first report on linkage to HIV care among methadone clients in Tanzania indicates similar levels of CD4 screening and ART initiation when compared with estimates from programs caring for non-PWID throughout Sub-Saharan Africa. 19, 20 We view this as a positive outcome because PWID, in general, tend to be at higher risk of being lost-to-follow-up than the general population living with HIV. 34 This study expands on our previous implementation science research, focused on identifying gaps and developing strategies for improved HIV service delivery for drug users in Tanzania. 27, 30, 35 Previous research indicated that the proportion of MNH clients retained in methadone at 12 months was 57% and that clients receiving higher methadone doses had a lower risk of attrition. 30, [36] [37] [38] Engagement and retention in MMT is critical because 82% of PWID who drop out return to injection within 10-12 months.
14 In addition, the stability provided to clients through methadone treatment is essential for successful linkage to other health services. These results support a growing body of the literature that engagement in MMT can lead to optimized HIV prevention and treatment benefits. 9, 13, [15] [16] [17] Our data indicated that stabilization through higher methadone doses increased the probability of obtaining a CD4 count. Our results also showed stronger effects of self-perceived poor health, a component of health-related quality of life, on linkage in the first 30 days of methadone treatment. In contrast, individuals with a history of arrest were less likely to be linked to care, highlighting the need for enhanced case management. Successful implementation approaches should incorporate appropriate adequate dosing strategies and concurrently address individual level factors to keep clients engaged in care.
Enhancing HIV prevention, care, and treatment services for PWID and other key populations is critical to the global response to HIV. Innovative evidence-based strategies that have shown effectiveness in traditional settings should be adapted and operationalized in settings that serve hard-toreach populations. In particular, it is important to consider client-centered integrated strategies that link and retain clients into needed services. 35, 39 Although 80% of clients were linked to care during the study period, reductions in the amount of time to linkage are needed. In some cases, CD4 testing took several months. The methadone program, which currently requires daily attendance, can provide a platform for regular HIV testing and immediate linkage to care for those who test positive. However, current CD4 testing technology burdens systems and clients as specimens are drawn at the clinic and transported to the central hospital laboratory. Reagent shortages may require transport of samples to an off-site laboratory, further delaying the CD4 testing process. The use of point-of-care technologies in HIV clinics has improved clinical monitoring and streamlined ART delivery in other settings. [40] [41] [42] [43] In addition, field studies demonstrate feasibility and technical validity in program settings in Africa. [41] [42] [43] Integration of point-of-care CD4 instruments in the methadone clinic could allow clients to receive both HIV and CD4 test results in a single visit, thus potentially closing the lossto-care gap.
As a critical next step in the continuum of care, improvements in linkage to HIV treatment are needed. During the study period, the clinic provided escorted referrals to the off-site CTC and worked to facilitate access to ART. However, many factors, some of which can be complicated by drug use, contribute to timely ART initiation. Although not the focus of this article, examination of systemic, structural, and individual level barriers to ART initiation will be important to fully characterize the HIV treatment cascade among our client population and inform the development of new approaches.
Strengths of the study included standardized clinical protocols, client tracing, and data recording. However, clinical HIV data relied on accurate chart abstraction and timely transfer of information from the central hospital laboratory and CTC, located outside the methadone clinic. The primary limitation is the observational nature of our research. As a result, the potential for unmeasured or mismeasured factors to bias our results existed. Clients who defaulted from methadone were not systematically followed up to assess CD4 screening in other locations. In this study, we assumed that these individuals did not receive HIV-related services elsewhere, given the levels of stigma and refusal of services that PWID commonly face. Future analyses will examine how attrition from and re-entry into the methadone program affect continuity of HIV testing and linkage to care. Additionally, the nature of our data limited our capacity to evaluate the subprocesses of the care continuum, including time between blood draw, laboratory testing, and CD4 count result. We were unable to evaluate the proportion of clients receiving CD4 results. However, we assume that given the structure of care, a high proportion of clients return for their CD4 results during a follow-up visit. As the program expands to integrate additional HIV services, a strengthened monitoring and evaluation system will be critical to documenting and improving the care pathway.
As programs expand in Tanzania and initiate in other African countries, identifying and implementing strategies that engage clients are critical to further linking PWID into needed health services. Our research supports the use of methadone programs as a gateway to HIV prevention, treatment, and care for PWID and as platforms for integrated health services in resource-constrained settings. In addition, our results highlight the importance of higher doses of methadone to maximize HIV treatment benefits for PWID. Future initiatives will focus on developing an integrated platform of MMT and HIV treatment delivery to improve linkage to care and ART initiation.
